The dihydroxy C 50 -carotenoid, decaprenoxanthin, was produced by Aureobacterium sp. collected from sea water. The addition of D-psicose to the culture medium improved the growth of cells and the yield of the carotenoid. The 13 C-NMR spectrum of decaprenoxanthin, which has not previously been reported, was successfully measured.
They possess singlet oxygen quenching ability, 3) antitumor activity, 4) and other activities related to mammalian health. 1) Recently the hydroxy group of carotenoids has been reported to enhance antioxidative activity 5) and to be important in photoreceptors with retinal function. 6) Furthermore, Nakatani et al. have reported a reinforcing effect of C 50 -terminally dihydroxylated carotenoids such as decaprenozeaxanthin, a synthetic homolog of zeaxanthin, into phospholipids vesicles, implying the importance of the adjustment between the molecular length of the dihydroxycarotenoids and the thickness of the membrane. 7) Since the molecular length of naturally occurring dihydroxy C 50 -carotenoid, decaprenoxanthin [(2,2 0 -bis(4-hydroxy-3-methyl-2-butenyl)-","-carotene)], is close to that of decaprenozeaxanthin, we expected similar biological activity of decaprenoxanthin ( Fig. 1) to that of decaprenozeaxanthin.
Decaprenoxanthin has been found in some bacteria, Agromyces mediolanus (formerly Flavobacterium dehydrogenans), 8) Arthrobacter glacialis, 9) Cellulomonas biazotea, 10) and Corynebacterium glutamicum, 11) but the biological activity of decaprenoxanthin has not extensively studied due to the scarcity of its production. We report here that decaprenoxanthin was isolated from microorganism Aureobacterium sp. FERM P-18698 and that production can be improved by adding D-psicose 12) in place of D-glucose to the culture medium. We also describe the 13 C-NMR spectrum which has not been reported so far.
In screening microorganisms from the sea, based on the yellow color of the colony, Aureobacterium sp. FERM P-18698 was isolated from coastal sea water collected in Kumamoto Prefecture, Japan. Aureobacterium sp. is a yellow-colored colony-forming Grampositive bacterium, the genus of which was identified by Japan Food Research Laboratories (aerobic, polymorphism, ornithine as a cell wall diamino acid, etc). The bacteria were cultivated in the culture medium (0.2 m nitro-cellulose membrane filtered sea water 1.0 liter, Tryptone (Difco) 5.0 g, and Yeast extract (Difco) 3.0 g, D-glucose 5.0 g, pH 7.6) [9] [10] [11] at 20 C with rotary shaking at 240 rpm for 72 h. The carotenoids of the freeze dried bacterial cells (1.76 g) were extracted with a mixture of chloroform and methanol (2:1) and the crude extract was separated by thin layer chromatography (Silica Gel 60 HPTLC, Merck) using chloroform-methanol (19:1). The strongest yellow color band (Rf 0.49) was eluted with chloroform-methanol (19:1) and the eluate was further purified on the HPTLC plates with diethyl ether to provide a yellow carotenoid (0.4 mg).
The carotenoid was identified as decaprenoxanthin by HO OH Note spectral analysis. 10) Positive ion FAB-MS utilizing 2-nitrobenzyl alcohol as an ionization matrix showed a molecular ion at m=z 704.6 which corresponds to the empirical formula, C 50 H 72 O 2 . The major product ion observed at m=z 564.4 (M À 140:2) is a characteristic peak, which was interpreted as cleavage of the substituted cyclohexene ring due to a retro-Diels-Alder reaction. Another product ion at m=z 424.2, which was not observed in electron ionization mass analysis, 10) is probably formed by the loss of a couple of the fragments (140.2) and it implied the symmetrically substituted end structure of decaprenoxanthin. The 13 C-NMR spectrum showing 25 signals clearly indicated that the dihydroxy C 50 -carotenoid was symmetrical (Table 1 ). In the HMBC spectrum, the H-1 0 signal was correlated with the C-3 signal, indicating 4-hydroxy-3-methyl-2-butenyl group was attached C-2. Thus, the full assignment of 13 C-NMR spectrum of decaprenoxanthin was accomplished. To measure these spectra, decaprenoxanthin obtained from large-scale cultivation mentioned later was used.
To improve the production of decaprenoxanthin, the effect of adding mono-and disaccharide to the culture medium on cell growth and yield was examined. DGalactose, D-psicose, or sucrose (0.50 g) was added to the basic medium (100 ml) in 500 ml volume Erlenmeyer flasks and cultivated under the same conditions as described above. The decaprenoxanthin was purified as mentioned above and the yield was determined by gravimetric analysis. These results are summarized in Fig. 2 . Although adding D-glucose or sucrose to the culture medium enhanced cell growth, decaprenoxanthin productivity decreased compared to control (basic medium without saccharide). But adding D-psicose, the C-3 epimer of D-fructose, enhanced both cell growth and the yield of carotenoid. D-Galactose showed only an inferior effect. This optimal production of decaprenoxanthin (700 g/g of dry cell) by Aureobacterium sp. cultured with D-psicose was two and three times higher than previous results of Cellulomonas biazotea (385 g/ g) 10) and Corynebacterium glutamicum (total carotenoid 191 g/g) respectively.
11) It is interesting that Aureobacterium sp. FERM P-18698 may intake D-psicose as a carbon source although D-psicose has been reported not to be digested as an energy source by the mouse, the enterobacteria or other microorganisms in the mouse intestine. 13) To produce a large enough amount of decaprenoxanthin to examine biological activity, large scale cultivation was carried out using D-psicose. D-Psicose (35 g) was added to the basic medium (7.0 liters) in a 10 liters jar-fermentor at 20 C under 0.3 vvm aeration and agitation at 360 rpm for 66 h, and to this 100 ml of the pre-culture was inoculated. The same extraction and purification afforded carotenoide (9.4 mg). This productivity of decaprenoxanthin is not high enough and, therefore, further study of culture conditions such as aeration is now in progress. Control, without saccharide. Closed bars, the mean of carotenoid (g/100 ml) from five replicates from three experimental repeats; filled circle, that of dry cell weight (mg/100 ml).
